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Description 

This invention relates to starch hydrolysfog :mz$m& 'Mow specifically, the present invention is 
directed to chimeric afpha-amyjases. to processes for preparing sacd ersmerie alpha-am ylases and so the 
;> use thereof for the overall enzymatic conversion of starca into high DX syrups, the form DX fiieaoiog 
percentage by wei§N of dextrose CO*giucose) oafou^^ of the syrup. 

.2- BACKGROUND OF THE INVENTION 

(9 The overall sfreymaftc process generally sdoptocl by roanufaelorers of high .OX syrups from starch 
-entails two-stages; liquefaction and sacchanfaotlom The first step, the liquefaction, involves the hydrolysis of 
starch info a mixture of oligosaccharides, the so called ma!toda>fofos< This process is catalyzed by alpha- 
amylases at a famparaturs of at lass! 7W"C, pmferabiy at about 90 'C or by a jet-cooking, process wherein 
the -starch slurry is heated tor at least several minutes to- i0S-t10*O, usually with a single dose of aipha- 

55 amylase, and then hold at about 90 *C tor at least one boor. 

A variety of microbial, p&rScoiady baefe*fial, afpha-amyissss are commercially available for the liquefao 
lion process, for example 8AN-" {from Backus amyfoffouoiaciaos and {horn Saclifcs - 

fchanrformis ), Oath supplied by NOVO mmfkrmr&&tmm;"m(i THERMOLASE ! » (frorrT'li|ius 
stoariJthamiephHos) evaiiabie from Enayrne Development Corporation.. N.Y., U,8.A. While BAN alpha- 

s» amylase tVdefy stable up to abouf 85 *C and heaco barbjy soitabio for the jef~eookiog: process, tofh the 
TERMAMYl and THERMOLAS5 aftaymos are ywp adapted for fhfs almost globally preferred mode of 
Starch liquefaction because they are heat stable. 

The saeehasificatfoo step, in which the maitodsxtbns are converted Into dextrose. Is moslly catalyzed by 
a gluooanlyiase ensyrne. Commercial giocoarm/iase preparations, usually derived iron: Asperpiiius w 

ta> Rfcteopus species, arc available from various manutaefofees, e.g, as AMO™ 2O0t< a product "obSS^Wlom 
Aipblplus higor arte manufactured by NOVO tNDUSTRi A'S, Denmark. 

VWth i view' to further increasing th$ dextrose yield from S8 - 40 percent by weight OS- maltodextrln 

solutions it has became customary to conduct foe saccharificallon process; wiih glneoamyiaso in the 
presaoes of a debraocblnQ enayma m order to facilitate the hydrolysis of prsnchbd oligosaccharides 

act origieaffog from the amyfepaefSn portion of starch. One. such debranchlno, enzyme with maximum activity in 
the same PH and temperature ranges as glueoamylase is disclosed in European Patent Application No. 
B23820G5.1 (Publication No. (5063909). The debranching ersyms is marketed by NOVO iNDUSTRl m, 
Denmark, either as such under foe proprietary nama ( EROMQZYME, or as a composition with suitable 
admixture .pi giiieoarnyfass under fho proprietary name DEXTROZYfvtE. 

far Unfortunately, the otherwise very favorable coordination of 8. iichoofforrols alpha-amylase for liquefac- 
tion and giucoafnyiase-PRGiVSOZYtdf: for sacct-anficsifon «? the coovoriion of starch lo high DX syrups 
entails an inconvenience, it has bebmobservee that the presence of residual aipha-amyiase -activity from the 
liqodfaetion stage das a negative effect on the maximum DX obtainable by saccbariilcatfon with 
gSycasmySase-PROfdOZYME The problem is greatest with the thermostable 8 llcbeniforrrils slphearnylase 

4u which is soli active at the preferred conditions for saocharlfloatlori tof about pH 4.f ahd tepetaturd of about 
80 'C. respecliveiy ), A remedy has been devised consisting of Inaotlvatjoh of the alpha-amyiase prior to 
sacchariflcation by acldlficafion of the iipueiled starch to a pH below 4.S while msintainlnp a temperature ot 
at least 90' C, Fellowirig Inactlvation of the alpha-amylaso, the tsmpor-gture and pH are adjusted to 
saccharifies- ios) corsdSieorts. moarsinQ tfial the pH has to b® brougr;; op fo about 4.5. This additional pH 

4S adjusfmenf inevitably increases the salt coofenf of foe eyrup and hence foe expenses conceded with de- 
saiffog She fiaai syrup. 

The object of the present Invention is to overcome the above-mentioned inconveniences still associated 
•with the use of 3 . iicheoiforrnis slpba-arnyfase for the eooversion of starch into a high OX syrup. This and 
other objects which wiil bo dealt with subsequently in this specification are attained by conducting fhe 
S!) liquefaction process with a novel typo of alpha-amySam 

3. SUMMARY OF THE INVENTION 

The chlmobc afpha-amylaso msymab of fho invomion edmpdso off by pdrflons of the amino terminus of 
ss the alpha-amylase derived from S. amylolkpefacsens jeieed to the caifiOxy terminus of fho alpha amylaso 
derived from B. Hebehlfoorsis, 8rie% stated, the presbnt fnvenffon pfovloyjs chimeric alptig-arriylases, whicl) 
are thermostable and exhlbi- a redocod negative of feci oh the us®. Pf A. nl^er giijcoamylese and B. 
scidopuilulyileus pu!fol8oa#e-.{0!r. ^:';?a£>£h»tSe#fioo-:.er '$®K$*i -^rtg"^ seoirariormula 1 
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m 

s in which Q is a N-1erminsl part of from to 8<3 amino asM residbee «tjfcfc feat feast 75 percent preferably 
«S te&st 80 percent, and more preferably at least 80 percent hemoiogous fefAte- §7 N-teroHftai amino acid 
midum in the Bacillus smyioilqui^acfens aieba-amyiase {Takhiheo, at a!., 1983, J.Bioi.Ghem. 258:1007- 
1013); 

R is a part of the general formula; is: 

(la) 

58 60 65 ?0 



IfS SO 

: 2S: 

in which 

X« is His or Gin, 
X* is Giy or Stor. 
sp >£i. 0 is Ssr or Asp: and 

i is a; C>terrrunsi pari of from 390 to 40P amino scid residues w Hicir is at feast 75 percent, pfefersbly si 
least 80 percent, srsd more pf«fSf»oiy at least SO percent homologous is the 395 C'termioai amine add 
m&mfa ths 8aeiSSus iichenifornis 584 (ATOC 27811} aipha-amylase ISiephens at at, 19S4, J^terio), 
•»S8'.389-3?2). " 

sis Because of the relevance of Takkinen at si, seprg, sdd Stephens ©t ai.. septa, m defining the smlec 
gtcid sequences of the alpha amylases produced by B. amyiofiquefaeieos and B, llersenifermls, porlkXiS of 
which sequences- are sontsined wilhln the ehimsdS' ^^wSTW»^'i^i^k^^^^~r^kr0mm mi- 
fecorporated by roteemm herein lb their ePtirbty. 

TPs amino acid sequence of the chimeric ensyeies describees ana shown above rfsay be modified by 

m m substitution, delation or addition of amino acid »si<fc«e withfe the segeence which resuf? i& a silent 
change in the molecule so thai the product retains its activity* Sueh amine acid substitutions may be. made 
on the basis of similarity in pofarify, charge, soiobiiify, hydrophoPlclly, hydrophi'ieity and/be the amphlpathje 
nature of the residues involved- For example, acidic amino acids {negatively charged at pH S.0) ineiede 
aspadic acid and glytsmte- &M% basic amine: aeida {positively charged at pH 8.0) include lysine and 

4S arginine; amino acids with uncharged polar bead growpror eonpolar head groups having similar hydrophiiic 
properties include IPs following: leucine, isoieucirse, yailfje; glycine, alanine; asparagioe, ptu!&m>ne, serine, 
threonine: phenylalanine, tyrosine. 

In another aspect the invention rotates to processes -for the production of the novel amylase of the first 
sspeci above. According fo this second aspect fee amylases; of the irwanhar- may tm produced by the use 

w of conventional genetic engineering techniques, such es gene splicing or by use of in vivo recembinahon to 
be described beiow, or by chemical synthetic techniques. 

In a third aspect the invsnlion relates to the use of me chimeric amylases in the liquefaction stage in 
the production of hsgh DX syrups, especially In the Jei cooking pmcess mentioned above. 

The chimeric alpha-amylaaee upon which the: ieveofion is basod suspnsingiy demonstrate the excellent 

ss thermostability characteristics of aipha-smyiase dedved from 8, {icheriiformis, but at the same time a 
reduced negative effect on the maximufrs obtainable DX 'without being inactivated prior to the sae- 
charificalicn. The tov«»tton Is demenslrafM herein, siy way of sxarepies, in which a segment of B, 
iichanlfcrmis alpha-amylase consisting of {rem aboet amino acid residue nomiser 57 ic aboet amino acid 
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residue number 87. cafcuiatod from the fHwiW ead of 8, ftehoesterrote sipha-amyiaso or, alternatively, 
8>§ who!® N-tarmiosi segment thereof, is sschsngsd With ths corresponding segment qf 8, 
aroyfofiqyefaciens afpfie-amylaea. The residues actMty of ibe chimeric «!phs'-#myiase has at the mosi a 
'oeQifpjbia negative fjf'fecl on Ste maxiiriom DX obtssrsafais by ssscebahfiessiion -with g!ocOMnyLase-PRO- 
5 M02YME white stiff retaining tne exesiisohther^^ fichenifdrmis aipha-arrryiase. 



3.1 definitions 

As used haraio, the foffovyteQ .terms snail have the meanings tedieatao; 
m DS « dry substance 

DX ~ percentage- by weight of depose jD-gtec&se}; 

4. 8REE DESCRIPTION OF THE DRAWINGS 

55 The invention will oa deserlhod in further <fes&8 to the following specification and axamptea with 
reference to tfts appended drawing in which; 

FIG. 1 sho#s §©i.-parm«atiaft chromatoo/ama of aipha-amyiases from 8. keheoiformis t S, 

amyfoffquofaciens and an aipha-amyiase according to fh® invention. 

FIcSTsHows'fWVostilction map of plasm® pDttl822.. 
Kf FfG, 3 Shows the reeirietlen map erf piasroitf pDNI850. 

MO. 4 shows the restriction map of ptesrnio PDN1864. 

5. DETAilED DESCRIPTION OF THE INVENTION 

>s- As indicated abovo me imteofion relates to chimeric aipha-amylases of the general formula I 

m 

Q~3f;-L 

=ir* which Q, 8, and L are defined as described m Section 3 sop;'®. Preferred formulae are described in she 
subsections beiovr, 

.5,1 AT^NOADID SEQUENCES OF PREFERRED EMBODIMENTS 

A preferred afpha-smyfaae Of the general formula 1 is one in wfaefr Q is an N-terminaS pari of the 
general formula lb: 

10 IS 

X^terk -SI y -Tftr - I.* c -Ket -Sln-Ty r ~Ph<e -Gi u -Trp-Tyr-X ? -Pro ~Asxv-&sj>~ 

■■iS 

40 #s so 

in which 

X: is Aia-Ash-f.se or Vat 
X;; is Met or T.hr, 
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X-s is Ser-Ais-Tyf or AMSiu-Mis, 
X* is Aia-Qfo-Hfe or S®y-Asp-ife, 
>h is Thf or L«Ui 
Xi is; AS& df Ssr, 
s Hf is Vssl or Ase; and 

R arid L ar# defined as prsvioUsiy in' Section 3 supra, 

in another preferred ssp&s-amyigso of the general formufe i, Q and R 'am. as previously 

dasftnbed, &od L is a C-tsriywn&i pari erthe gsfjsrsj kvroufe te 



CXeJ 

«S 100 



S3 



105 US US 

120 J2S 130 

JU 1 -6l«- Val Fr o«M &~&isp~&yg ~&sn-Arg ~Va 1 - II ®~S#y ~$lj~ 

13S 1*5 i4S 
&lis~Bis-&r£-Xlft^^^ 

150 1S5 SSO 

©ly^$ftxr~Mp^T^ 

iao 185 2so 
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i§s im so5 

210 sis 2a o 

s 

A&p~¥&I~Ms&~M&^ 

225 230 235 
§X«»X*13^©lrs~X*«~A^ 

« 240 MS 280 

255 260 265 
Thr-Gly~Lys~G5u-H»t-Fhe'"Thr-v«5 ~Al&~cnu~Tyr~Trp~Gi«~Asn~&sp- 

270 2?S 200 
&®tt~SXy~M*-X*U-61tt^^ 

2S5 250 2§5 

300 305 31$ 

3 IS 320 325 
¥&X*V*X^Ser~Lys~Hi&-S i ro~X^ 

230 335 340 

ao 345 350 355 

Ttp^Plne-Ly s »$>r o » &*stt~&l. & ~Ty r*- A Is - S>h<s -X 1 ® - -Thr-Arg-ai^-Ser- 

360 3£5 3*?0 
«ly~Tyr-Pro~Gln~V8l~Phe~Tyr~CUy~As.p~Met-l>-r~GIy-Thr~Lys~aiy~ 

37 5 380 385 

3§0 3§5 400 
, t ;> xi«-^u-~&y**M 

405 410 415 
Tyr~Phe~Asp~Bis~His~Asp~2^ 

420 425 430 
Ser~Ser*Val~Ala w Asn"Ser~C3iy~I«\j~Al»-Mai--.Lei3->Xl«~Thr-~Asp-61y~ 

438 440 445 
Irons iy-Giy~JU&~^ 

50 



;>;> 
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#$f 4?S 
$ H © 4 § 3 

to 

In siltl another preferred aipha-amyiase of the geOeraf forfneia b Q has the general formula !fe. grsd I. Is a 
G-termlfial pad: of the general formula ic. In which Xt is W,M is Thp X s is Ais-Gtu-Hls, Xs is §»r-A8p»!!«,. 
Xs Is tsu. X, is Ser. and X? is Asn, 

io yet another preferred slpha-amyiase of the general formufa S, 0 has the general formula lb in which 
.i§ X : is Vat, X? is Thp X a is A&*Glu4fis, XV is Ser-Asp-lfe. X is Leu, ie $m and X? is Asm L is a 0- 
iermioa! peptide residue of the general formula fc; and amino aaki residues X;;, Xs, and X;o of- R are Gin, 
Ser arid Asp. respectively. 

In yet another preferred atpbs-smylas© the general fomsala K 0 has the general formula lb in which 
Q, X: is Veil, Xs is Thf, Xs is Ala-Giu-Hls, Xs. Is Ser-Asp-lfe, Xs Is Leu, X; is So?, and Xr is Ash: L i s a C- 
33 terminal pari of tho general formula k:; and amino acid residues X» X» and X«<? of R at* His, Giy and Bar, 
respectively. 

5.2 METHODS FOR PRODUCING THE CHIMERIC. AMYLASES 

W. l bs amylases Of the invention are chimeric enzymes and may in accordance with {hp second aspect of 
the twm%m be produced m a number of ways as described oefow. 

Naturally occurring erwymes may be genetically modified by random or directed mutsgphesis. 
Altemaisvely, part o? o«® anxym© may fx; replaced by a pari a;' another to obtain a chimeric enzyme ,, This 
repiacerrienf can be achieved either by conventional »« vitro gens splicing techniques or fey Irs vivo 

so fsepfnfeioation or by combinations of both techniques. When using conventional In vitro- gene splicing 
techniques, a desired portion of the alpha-amylase gone coding sequence may be' deietsd using appro- 
priate site-specific restriction enzymss; the deleted portion of she ocsdir$ sequence may thee be replaced 
fey the insertion of a desired portion of a different alpha-amyfase coding sequence so that a chimeric 
nucleotide sequence encoding a now afpha-amyiase Is produced. 

as the in vfvp recomblnantlon techniques depend on the fact mat different DMA segments with highly 
homologous regions (identity of DNA sequence) may rsdombioe. i.e. ferpak and exchange DH.A, and 
'i'StaOIISh new bonds In the hornofogous regions. Accordingly, when the coding sequences for two different 
Put homologous amylase chymes are used to transform a host ceil, recombination of homologous 
sequences in vivo will result: in the production of chimeric gene seqisenee$. Transition of these coding 
sequences by the host cell will result In pfodt-fCfXin of a etiin-teric emyla«e gene prodoef. 

The alpna-amylase genes iron! Bacsffus ttefeeoiformis (f-ssrsin designated arrsyt) and from 
Bactiius amvfospuelaclens (herein designated amyO) a<e approximately 70 percent homologous at the DHA 
level end suitable for Oybrid formation by in vivo gene spfiotng. 

Sn an alfefnafe erribodifneni, the chifneric enzyme may Ps synthesized by standard chemical methods 

4§ known in the art, For exasrspie, see Hunkapifier et af„ 1S84, hlatore S10;1 OS-It 1, Accordingly, peptides 
having the amino acid sequences described supra may oe : synthesized in whole or In part and joined to 
form the chimeric enzymes of the invention. 

5.3 USES OF THE CHIMERIC AMYLASES 

se 

According to Its third aspeet the invention relates to foo use of the novel aipba-amyiases in the 
liquefaction stage In fi-ie overall enzymatic cprwersion of starch Into hlgrj DX syrups. 

As indic:atad praviousiy residua? activity from the us® of the thermcsstable alphs-arnylass from B. 
lichenlfon-nis In the liquefaction stage «ntalls a osgafivs offecf on maximum oPfainabfe O-gfucose yield In 
ss the saecharifioation stage when using A. nlger gtusoamyfase and B. acldopuiieiytlcus pullolanase. 

The reason for mis nogative effect Is not futfy understood, but it is aesumod thai B. Ilcheniformls aipha- 
afrtyiase generatas "ilrnit dsxtrte" wfeich are paor su&sfrai.os tot 8. acidcpoiialyti'cns puilEjiaoase, by 
hydroiyainp; 1, 4-a:pha-giucosldic linkages close to tr-o Orancir-points In an-(yk;p<ictsn. These limit dextiins 
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which eoma:n too few glyeoss unit? in xm or more the side chains wtfi fee. Isss susceptible lo B;. 
acidoptrtyytscos puliutensse attack. 

InTfWllffe action patterns for B, iichef^formis aiphg-gmyiase; 8. m^Wq^S^sms afphs-snr/iase, 
and the hybrid 011864 aipha^yt^ofT^R^edTft m tedte^-tyT ftiF^p^fne^r chromatogjams 

5 taken ffocn SiTsylopeclsn digests after 48 hours. 

From the figure it is scan that ths action pattern of 8. Schoniforsrsis aipha-smylase on amyidpecfin Is 
different from that 'of S. smyioiiqusfacions aiiiixs-atnyiaso" t\ • " «»w >« enzyme produces mainly 
DP*, DP* and DP;; ioiHal!yT*^^tS^f^r%dr^s^5 ihe W%. ff^TricSTFhyS^z^d further, add the major 
■component w DPs, DPa, and DP ;; . When B, amyioiiquefaeisos alphsr&royiase is used the major 

m components are DP*. 

The anison pattern of the alpha-amyfes^ of the inveniiori ss «xpmsH« by 8s© QH884 sipha-amyissp 
on amyiopeeiifi is distinctly different from both naturally occurring alpha-aroylases, and as shown baiow. this; 
changed action pattern surprisingly has resulted In the remov-at of the negative effect from 8. lichenifornvrs 
sfphs-smylssp on the D-giucoss yisisi white roisfotng the thermostability, 
is Accordingly it Has boon found that the alpha-smylases of she Iwsrtjsn are wy efficiently ussxf for the 
li:c|08lachon of starch. 

6 EXAMPLE: CHIMERIC AMVMSE CtL1864 

m The sabsedioos below describe the prodbelioo and characteriatfSan of ihe chimeric afpha-amyias* 
Gil 884, 

6; I. CONSTRUCTION Of HYBRID 015864 

>s- By epoysrrttenal !echnfoues> amy! ami amyQ m?Q cloned fo 8. subSB*. The ryssirictfprrepayrna map: of 
ths. tyi'Pgsjies: were lh sgrpom^nfWivpiiblishsS'ONA sequences WbWgsnss tor B, iiohentformis amylase 
(arnyL) (Stephens at al. 1838. J. Bacterid!. 183: 3(89 (1.864)) and 8. amylolique?S:i5fi8 amylase iaroyQ) 
(TipSxrp at J. Sol. Cf5Pr» 2?S8; 1007)1983), respectively. 

amyO (amyO + ^and a Cdermlnal' part of amy! {smyl- were placed in parallel on piasmid pPNtB22. 

00 ThfelTa s"'"$uWS« pSasmld dariyed from cfomng -vsctor pUBitO and twboai'ing the chloramphenicol 
.resistance ICsm^F'gane feat gens) 'of cloning vector pGt34 Tha restbctlon map of pDHtSSS Is shown in 
FIC. 2, wfww the genes sm smifcai&d by arrows,. 1T» CN-tarmtoal part of «nyQ' on pON1S22 was than 
delated by excision ol a fW-pvuf Iragmont, wnlch is shown hatched in PIS. 2, tp ebisin piassnid pDNIBSO 
W\% 3), pDNJSSO Is aniyEse'rigaftvs (Amy-) but harbors a N-ferminaPpart c-f smyO and a C-iermina!" part 

far of amyl. Hpwewr> with a frequency cT ibout 10™*, recombinatiosi bet^-asn "amyQ and amyl oceyrs 
rosilini fo the piasmids fiartxsydng a hybrid Qf. amyisss ^efis" .(WRyQL*) an^pTin amyfisi' positive 
pfifsnotypa (Amy -r ), 

Tra'iSfPr'maion with a piasmid praparsfion of pDNf8SS Into a pl&smid tree 8. sv&m recipient selecting 
for Csm s on starch containing agar pisfos resulted m about 1:50* lransfbrman¥'p>odtiSipg an active 

id amyiass. These transformants were sunopndad by a halo of degraded starch which could bo identified by 
Iodine vaposjr. These Amy'' iransfermanfs harboured a OL hybhd amylase gene on Ihe plasmid. From these 
transformants the piasmids pDNiBSf to pDNJ8§§ wPrp IsoSatod., and it was found that transiorniants 
containing piasmids pDNl35f ; oDNi858 to pDN5862 .and pQN1884 produced alpha-amylases that foiflii the 
Pbjscls of the inveoSop. By restoration ensyme mapping or plasrnid pON1964. the amyCJ/Li 864 gene was 

4S eharacterteed (FI6. 4} and shown to harhor m Avail site Pom amyO, but no! iha neiSyScoBJ site from 
amyO, Honce : recornbinalion behveen amyO sno! amyl as indicated by the cross-natcheo area in Pill 3 
tcioFpiace between the cedons cod^&"^^^ hte; <5& awd No. 87 In the 8. iiohenilormis alpha- 
amylase. B. subtiits QI.18S4 is theroforo producing a chlfneric smyiase composed' cT iboijii'l/S aniyQ 
amylase at Ihe Pi-Sermsnai end and adoni Mi amyL amylase at the CdofToires! end, 

m 

O.g ANALYSIS OF CHIMERIC AMYLASE BROOUCBO SY OU864 

in the following tests the enzyme nnste .used are defined as mPieated below: 

One m (NOVO um oi .^HS^^i^w^ i»;^'^8»©wat .« «»kyrfte. «^fch' breaks down 5.26 mp of 
5« dissolyed starch per boor at 3?*C t pH §.8 and 0.0Q43 M of Oa 1 ^ :tmt a 7-28 o>in«ts reaction time. 

One AS unit: of gSueoamyiase activity is the amount of enzyme 1 which hydroiyxes one micfbmoie of 
roaStose per minute at 25 ' C and pH 4.3. 
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Om purluteftase unit (PUN) is defined as the amount of snsyme which under standard conditions 
(temperature 40 S C and pH $;0VftydrcMy2s©s- pn$s£m at a rate corfsspofldsng to ^ formation of reducing 
groups equivalent to 1 cmoio of glMeose psf minute 



S S.2J , SACCH ARi RC AT SON TEST OF C Hi MERiG AMYLASE 



As expiasoeo aixjvp it has been found shut too presence of a rosiduai B. fieheniformis &ipoa-amyte§e 
activity originating from tha iiquafeetiors stage has a nagaiive affect on maximum D-giucosn yield in the 
saedwification stags when 8. scldepui!uiyS<au« : paiioian&sa and A- niger giueoamytes® m used in 
w combination, 

fa ordor to wvfom thus mmm of a tmkitM activity from the chimeric atofm-amyieses of the invention 
on tiie sacchafification sf:ao.e itsey v?ara comp&rsd to tha 8. hcheniiooY-ss aipna-aroylasa in {.ha foiiowing 



Substrates tor saechanficstion were prepared by redissaiving a DE. S sprsy-dnod maltodextdn (APS 
*» 840964A) in deionteed water too making up to ^proximately 30% 0S <dry 
experiments war® earned cot in standard 500 ml ialxsralory batch reactions. 

prt's mm measured at sscchadfieafion Isroparatom mitt the pH electrode and pH 
adjusted in bWer at SO 1 C. 

The Miowing standard condition;; worn osed; 

aa 



Substrata concentration 
Temperature 
| pH (initia!, at 80 " G) 


28.2% {iditiai} 

80 * C 

4.8 


30.8% (final) 


| Enayme dossage; 


| g!ucoamyjase 


0. W A8/g DS 




pdioianase 


0.33PUN/gBS 




aiphs-amyfese 


80 NU/g OS 
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The results of me tests am presented :'m Tshte i 

S^CCjAglllCfJ , riOH TEST OF CillWEHiC .AHyiASE 
Reaction 
Conditions 
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(hi 












Hone 














(Control! 


4S 


4*4 












75 






«s •* V 


v « & 






96 


4.4 




i2 « 2 


0.5 


0,5 




24 


4»S 


92.4 


2 • 35 


2.4 


2.7 




48 


4.5 


.« 


J » 8 


2.5 


0.9 




72 


4 <■ 4 


S 


2 . 0 


3- . X 


0,7 




£S 


4*4 




2.1 




0.6 




24 


4 * €. 


♦ X 


2.0 


i,£ 


3 ,2 




48 


4.S 




1.7 


2.2 


0.S 






4.5 


§ & y. 5* 






0x7 






4.S 


96.6 


2.1 


0 < & 


0 » 6 



4 



From the results shews? hs T&oie 1 it is seen that although the presence of Gl. 1884 aiphs-amylasa 
siigbtiy seduced the rt^ifttiwfr orJf&lostJls OX (m comparison to the control), it represents a ssgnlSieeftt 

4;> 8.2.3 THERbfCACTiVATSON OF CHIMERIC AMYLASE 

to order fo evaluate the thermo&etivatktfs of She chimer to. aSphs-amyfases produced by the transformed 
drains th«s chimeric- ei»hs-amylases were submitted to tho fotk>wtng test; 

Substrata Fhsdebas faoles iph®k$>(is& amylase test, Phatm&da Diagnostics, Sweden) a cross- 

es linked Oiue coloured starch Qotyrtm h'soluble to water. 

Buffof, 0. 5 M ohosphate> pH&l, and TfllS buffer pH S.5. 

Eosyrno: aieha-Amylaee dHufed le 1-2 HU^nt m Q;# M CeGis , pti$A. 

Tosnpof aturas: 37 ► C sm 85 ■• C 

1 ml slpha-aroyiase dilution was thoroughly mixed with 5 mr bqhor ss?d irseubated in a water bath at: the 
s:) desired temperature prior to the add-on of ooo Phad«l>as fable. 

The tost fob© was shaken for 1$. seconds m a whlri mix©? before It Is piaoed In (he water baits again. 
After exactly 15 minutes the tmtffcxi-ms stopped by the erfdftson of i ml i M NaQH. After mixirsg the 
insvt«f« was mm through a 8 cm Whatman® GF?A 6f FSrC tiltse 

Ths opticas density of the Mrsfe was measyredi at k wavbiength ol 820 wi, and was found to feo 
5« iirsearly related to tha activity of aiphe-emyiase added. 

The rissyits aro presoolsd \ti Table 8 below together with yaloes froht tests with purs B. tlchonitormis 
and 8. arftylotkjixil&derss aipha-areyfas^s. 
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TH ERMO ACT! VAT 1 OH OF CHIMERIC AKVIASE 
Ms&sSfcb&ss 3:7'* C 



{control) 



;;;; 



B, &tr.ylol iq-qef Helens 
f control) 



0*4 



3J 





2 * S 


^ + 5*' 




a. a. 

2,0 






2*8 


8.7 


0,03. 



W. Tfce sSssla jsm^otea in Table U demonstrate mat the chimeric alpna-amyfasss of She invention are as 
tllOfTOoaetiyatod as the 8. Ifehestfermis alpbs-srnylase, mi less sessKNS'' lo alkaline pH ihm thS.jB. 
»myfoiksue!aci©!-is sipha-3?«yfose. 

(12.3. THERMOSTABILITY OF CHIMERIC AMYLASE 



In order to evaluate the lability of the aiphs-aroytases of the inventlsfi th© following steel tubs tests 
were performed: 

A DS 7 «>ailods:<tfift radissolved in defenii-&d wafer was used as substrate >.mder following 
conditions; 

Substrate: 3? •• 33 psrseht 

alphji-siwyiase dosage: 12© HUig rogttocfexlffci 
Ternpsvaturs: 105 Hi 

pH: 5 5 

Calcium cootfeote .60 ppm 

to «j*ch:- feet 5 steel tubes containing the above feaeticto niixtpre were psseed in an oil baits St 
snd taken out alter 10, 20< 30, 40,. and 60 miOiites. fesps>Otsv'eiy. aod {he residual aSeha-a^ylass activity 
measured by the Pbsdehss method described above, Tbs bait life, 7W is calculated by llrfear regression of 
log (residual activity) versus lime. The results sre shows to Tebie SH below. 



TABLE Hi 
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THERMOSTABILITY OF -CHIMERA 


AMYLASES i 


Alpha- Amylase 


minutes j 


B smyioiiquejadieris (control) 
QL 1861 




QL 1058 


22 | 
£5 | 


QL 1881 


18 | 


QL 1882 


22 | 


SL 1884 


24 | 


B. Sscheuifersms {eooiroi} 


23 i 
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From the. results snow?? it* Xskik> $ it is efeady mm that the hybrid aipha-smyiases of She sHvorUiors 
have retained the stability of the &, ifcteiforsms s)phs~s^y!as^ 

Ciaims 

Claims for me .following Contracting States ; BE, €H »£"> m, 88, it, y> UJ S NL, SE 

1. A chimeric aiphs-srnyiase, which is ther mostabie -mH exhibits a mkxmi negative affect on the use .of 
A. itiger gtemmyiasa-snel B. acide-pitoiysicus paiiuiacasss fcr the sacefwiiicaher: .of- starch, .having 'he 
gecS-ai 'iorrrssjia i 

m 

in which 0 comprises a N-tarmioa) pad: of: from 5S to m ami® acid msidues which is si least: 75% 
homologous lo fee 55 hMerminal amt«o acid rosidues in -ih® Bacillus amyiosiquataciees aiphasamyiasa 
as described in Tstfdnen ei at, J. Bid Cham. 358 (!883} W? : Wj%i 
R comprises a pa'rt. of the genera! formula h 

CIo)s 

5S #0 10 

so 

: GI ^ - JE^ 0*'M « - 1 1 & - Ly s 

in which 

x* comprises His or <Sin : 

Xs comprises. Giy or Se?\ 

Xis comprises Ser or Ass;; and 
L comprises a C-fsfminai gad: of from 390 to 4G0 amino' acid reslelMSS which is a; ieasi 75% 
homologous to She 398 C-terWibsl amino acid residues in the Bacillus liehehiformis 584 (Al'CC 27811} 
alph^smylsse, 

2, The chim^te aipha-amy tess according to el&tm 1 , in which 

Xs comprises H;s : 
Xs comprises %, and 
X !S comprises Sef, 

i wwiiiw iv s<p:^d-«f t«*e OMtg -,y csSsfn t , us -mmm 

X« comprises Sec end 
Xu! comprises Asp, 

4> The chimeric aipha-arcyiase according to ®sam 1, in which the eeraoiegfes are at least 80 percent. 

5, The chimeric eSpha-amyiass according to ciaish t < jh which the hemoiogics are at least 90 pereOM. 

* Tho chimeric aipha-sreyiaso according te claim 1., in which Q comprises an H«ietminai pari of the 
general formula lb 
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iW 

20 35 30 35 

'^t/O ^0 
55 

m #h>ch 

X> fjompfises Ais-Asirs4.su or Vai, 
X;; comprise him or The, 
58 X? co!Tipfss«s $«jr-Ala~Tyr or Afe-Os.s-Bts. 

X 4 comprises Ai«-Giy-Hss 6r Ser-Asp-H®. 
Xs comprises The on Ley, 
Xs sornprisos Aia or -Ser, sno" 
X? comprises Valor Asa. 

7. Ihs chimsrsc slpha-smylsss accoro'lrsg cisirf $, >« wfcicn 
Xi comprises Vsi, 
X;> compfises Thf ( 
Xs: comprises Aia4Sb~His ; . 
so % comprises Ser-Asp4is, 

X;. comprises Leu, 
Xs comprises Sor. and 
Xr comprises Asn. 

ss & The giphs-smyteso according to claim 4, 5, 6, or ?, in which L comprises a C- terminal pan of the 
gwmi formula !c 
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105 21$ 



W5 130 
?s AX a - V« 3 H»3 «~Val ~Asp>Pro~AX a~As.p~Arf »A*r*~Arg*Vft 1-31 *»S*rHaiy * 

135 148 %4% 

Sly~Bis~Arf~S3#~&y&-Als™Trp~T&^ 



?5 ass 155 

Gly~S«r~Thy~yyr~S£r~&«p"P&«-L^ 

iss r?o x?5 

$Xy~1!1*r~Asp~T;rp~Asp~Gltt-s*r"Arg^ 

110 S5S X§0 

Phe-Hnn-Gly~X,y§~&X&~Trp~Asp~l'tisHUB^ 

195 300 205 

Asp~Y« 1 ~AX »*M « ~GX « * X X e »I«y s ~Arg~T s°p~£Xy * -T^p-Tyr ~AX « - 

^ S ^ 3 0 3 S 



255 260 
T^r~Gly~Lys~OI«~H«t-Pb*"Thr-V»l-Al»~Si«~T^r*Tr|j~Gl«~Asn-Asp- 

2?0 208 
3^u~GXy"Ala~l^u~<n«~&sn~Tyr^ 

. 30 S £00 285 

Ser ~¥a l-Phe ~&sp~VaI -f ro-X*ru~-Hi s-YyrH5l»~i&«^Bi$-AXa~Al«~S«!r- 

48 300 305 310 

Thr~GiB~£ly~£^ 



;>;> 
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1 »s»r -His ^Pr^^l^a«i^0-M«*1?« I ^hsr^Mss ~V&1 "Asp^Asrs" 

330 33$ 340 

s Bi&~&sp~ThrH*i«»?r©~GXy~©Xn^ 

Trp~ ~-&y ^-Fro-L^u ~^yr~M ■»*^.ft«li : «^l^«~Thr^r9~Sl»'-s«r"' 
to 30S 365 

3? § 380 3S& 

3SfO 395 400 

Xle~£««»Ly$f»M&»&rg~Ly;8HSi^ 

405 410 415 

aa ^r~PheH&sp»Hi&~Bis- JU&p~2 S e~Y&X -Sly ~Trf>~^hr~&r9~£ lu~Gly-'Asp- 

420 425 430 

» 435 440 445 



455 460 

Si? 

46S 470 475 

480 483 

ss Val-Ser-XX€s-Tyr»Vaa~Gln-Arg* 



0. A process for the production of a chimeric sipha-aoiytaso cbrrtpnssntji: 
«> (&} refcornbNng in vivo tb« N-tersrtinat codtog region of the atofw-smyteee gone of 8: 

arsyktSiquefaciorss. fhi C-torm<oai coding region of the alpha-arnyiaso gone of B. Sichsottormis to 
JOi'tT; recofrtfeifssrj's. 

(Is) selecting the recombinants that produce a chimeric siphs-amyiase thai it; thermostable, and 
exhibits s reduced negative effect on the yse of A, niger gss.icoamyi&oe sm 8- aeidopofelytieus 
4§ puiksiansss for the secciwrtioattqrt of starch; 

(c) puttering She soieeted recombinants to an appropriate growth madlurn, and 
jo'} recovering the chimeric sipba-amyissa from the cuttere,. 

1Qv A process for converting sfsreh solo high dextroso syrnp. coo"ipfis!0§- 
w (a) resoling the starch with the chimeric alphsnsmyiaso o? 1, 2, 3, 4, 5, 6, or 7 to form 

oligosaccharides; and 

p) reacting the oligosaccharides formed in step (a) with s giueoamyiase to fetro dextrose. 

11. A process tor converting stereo into high dextrose syrop, composing: 
ss (a) reacting the starch with the chimeric aipha-smy taso of eisim § to forro oligosaccharides; and 

;b< reacting the oligosaccharides fonrsed in step fa) with a giucoamytese to form dextrose. 
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Claims for the following Contracting States ; AT, ES, <M 

1. A process for the j^x^(^c^.o{'8'' : <^lmdfip'^^^yi9s& eomp!lsfs?g: 

(5s) rseorrtbfoing in vivo th8 ^tormina! coding rsgion of foe aipM-arm/iaso pons of 8. 
s amyioiiqoofaciens with foe C~erminai ceding ropsoo of the sipteamyiase gane of B, licneniformis to 

form recombinants; 

(b) selecting foe recombinants that produce a ehfoieTie afptia-amyfase tftot is tswroostsbte and 
exhibits a roducsd negative effecf eft the «se of A. niger gfoeosmyfass and 8. aciclQpuffcilyfteus 
puifelart^se for the ssceilarificaflon of starch; 
m Co) cuituhng the selected nacomofoanfs in an appropriate growth modium, aod 

(d) feeoverfog the chimeric gSpha-afnyiase frorn #?p; stslfnte. 

2. A process lor cocvortmg starch into high doxtross syrpp. .comprising: 

(a) reacting She starch with a chimeric alpha-amylase. which is tfoarmostafcie and exhibits s reduced 
15 negative effect on the of A. oiger gloeoaroyfes* and B. aekiopulioiyifeos pu-iuianase for ihe 

sacchahficaffor* of starch, having she gpderaf somsuia I 



40. 



m 

i'lj 

in wbich Q comprises a N-tsrmloal pan of from 55 to 80 amino acid residues which is at SeaSf ?S% 
homologous to the 55 M-iSffoinai amino acid residues in foe BaciUiss amyfoliquefaciens 
>s- amy lase as described in T&kkinoh m ah. 4. Biol Chem. 258 ilSSSi TooT^TsfST "~ 

R '■comprises a part of the- general formula te 

tm 

.» 58 m 70 



€ i y -Thr '- V« t ~ kt § * Thr - X>y s - Ty r « & 1 >' ~?hr ~ Ly & ~ & & - Gl S - Le u 

SB 



tri which 

Xs cOmprisos His or (sirs, 

Xs comprises (Sly or Ser, 

X.:>. comprises So? or Asp; and 
4S L comprises a C-leoTsina! part of from 390 to 480 amino acid residues which is at teas!: 75% 

homologous to the 3SS C-fermSnol smino acid residues in the Saciiius iichoniformis o84 (ATCC 
2781 5 ) sipha-amylase, to form oligosaccharides; and 

(b) reacting the oligosaccharides formed Irs stop (a) with o gfoeoamylass to form dextrose, 

m 3, A process according fe Cisiro 2, wherein, fo fha chimeric aipha-amytese, 
comprises His, 
X« comprises Giy and 
Xj <s comprises Sob 

ss 4* A process according to Claim 2, wherein, in tbs oNmerte atohs^amyiase 
Xs comprises Gin, 
Xs composes Ssr, and 
Xt& corn prises Asp. 
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a. A process according to Cfesm 2, wherein, ;ln She chime* aipn3^my!ase ; the homologies are M teas! SO 

S. A process; according to CimmZ< wherein, m m chirnsrift ^pha-amylass ihe homologies arc si feast SO 
s percent 

7, A process according to Cteim 3, wherein, so the ehimerfe oiphe-^nylase, Q comprises m NdemvinaS 
pad: of tna general formula !b 

fG life) 

$ is is 

40 45 50 

$5 

Xg-Asp-x, -Gly-Tyr-Cly ? 

: 2S: 

in -which 

Ki comprises AlsvAsp-tsu or Val , 
X;> comprises Met or Thr, 
%: wm*im Ser-Aia-Tyr w m-ms-m* 
so % comprises Aia-8!y~B?s m Ser-Asp-tie. 

Xs comprises Thr- or Leu. 
Xs comprises Ala or Ser, sad 
:Xr comprises VaV or Asm 

sir & A process according to Cteim 7, wherein; in its© chimeric atpha-amyiase, 

Xi composes VaS, 

X? composes Thr, 

X s comprises Ais-Slu-His, 

X* comprises Ser-Asp-ite, 

*o Xs comprises Uiu; 

;<. comprises Sar. and 

X? comprises Asst. 



9. A process k« convening starch into high dextrose swop, comprising: 
{a) reacting ths starch wilts a chimodo aipha-amylaso to form oil; 
{»} reading She oligosaccharides formed in step (a) Mh a giucoamyiase to form dextrose, the 
.chimeric aipha-smyfaeo being as defined in Claim S, 6, 7 or 3 and in which L comprises a O-ferminai 
pari of the genemf formula is 
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y -L* y -H I & » S« r ~Arg -Asp»l I*- A*is-V*l - fy z - S 1 y - A* p«-¥& 1 
i? 5 no us 

2?$ 1SS 130 

; s AXa-Vfel HSiu«V«a ~A£p*Pro~A3 a-Asp-Arg ~ Asu-Arg -V« X ~i X«« s«s r HSiy- 

13S 148 145 

8 Im~Mx s ~Arg - J I « - Ly s - A I » ~Trp~Thr »Hi«*Fh£~fii & ~Phe ~Pr I y - &rg ■- 



' 5 „ 15$ ISO 

&ly~Ser~Thr~1^r~Sey~Asp«Ph&~^^ 

365 170 175 



_ ; . J^ 5 200 205 

SIS 21o 

Asp™V&i~&Ia~AX^ 

Giu ~ ^ ~ <sl I*a?-A»p-<S Xy - Fh« ~Arg ~L#u~ Asp **l » - V* 1 « X*y * - b i« « I X e» 

MP 245 2*v0 

s§ tys-Ph*-S«r~Phe«L«tt-Arg--Asp-Trp-V»l-A5n-Ki*-Val-.Arg-<;iu-Ly5- 

255 260 2 §*> 

^M^&ly^ 

40 27$ 2 g 0 

^^~GXy-M«-l^H3i^ 

2*5 2§0 ■ 285 

•S^r~Vai~Phe-Asp~Val«!>ro-l^vr~Ris.-^r~Si^-Ph«~His~Al».~Al*~s«r~ 

■■iS 

300 305 310 

1 \* r - 5 i ft ~ G : y ~ C 1 y - G 2 y ~ ty r - A s p -He i~ Ar g ~ Ly s - u * be « * A s :n - S e r ~ Th r - 
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315 Mp 325 

¥& 1 -Va 1 ~s#r~Ly «»H i &~ $>r o~ l*u~x f y#Hkl&»VaX~f hr *Ph® 1 -Asp- A&n~ 
g 330 33S 340 

345 350 3SS 

3§0 365 370 

335 3S0 385 



335 400 

405 410 415 

420 425 430 

15 435 440 445 

»~Giy~£iy-XXa^ 

450 455 460 

so 

465 470 475 

4SC? 483 
s® Va 1 - S er - XI &~Tyr ~V& i -Sin ~ Arg . 



*> Pataniaasprweha fur fslgsmJe Verifagsstsalen : BE, CM, OE, FH, 08, ST, li, LU, ML, SB 

1. CSamstra Alpfta-Amyjasfci die hsteestsbi! ist und sins v«mn§«it« asgaflv^ Wlrkung sat die ywfftdufig. 
von Gluooanv/tesa sua A. nigar imd PuiMsaasa ays B. acidopuiiaiyilcus xur Vereuckenjng von S*a>ka 
2<siyt. mit cter afigameinea Form©} I. 

(15 
Q-R-L, 

se 

in cter O sine N~t©?ntffjafea f ©1 srsit yon -§5 iSis 80 Anli^s3»?eras$8ri umfeftt dor vvensgstens ?S% 
homoiog z» den 55 N-terfBiaaiati AraimjaSyrarssEers m da? Aipha^Arnytesa gus Bsetily-s amytoiiquafe- 
otens. 1st. w&Ho TsfeHkiart a! ;.'aJ„ 4. BiaL Cham; 25^8 {1963}, T807-1G13 bssdwiebere 
"RiFrfesi Tasl da?' aSSgsmsiasn Farms! fa umfaSl" 

ss 
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?5 



(la) 



so 

88 

<5 Xss™ X ^ q ~ AX I % e - t*ys 

in der 

Xs Hss Oder <3« umS&Si, 
X s Sly o<3er Ses: 



Xts Ser Oder Asp umfefc; ufxl 
Kf !. mm O-fermtriSisrt Tsji! mi! von 390 bis 400 Amirasfeferesieri «mJa8!« der wentgste^s 75% homotog 

27811} is! 

2, {JhssTsIfS Aiphsi'Arriyiass r.aeh Ans;p!«ch 1, in <fer' 
?s X$ His UEVdaSi, 

Xts Ser umfaSt. 

3> Chiasm Alpha- Amylase men Ampmto 1. *k*f: 

X? Ssr umfaSf: und 
X;s Asp urniMt 

4> Ohimlre AipteAmytess «achi Arsspryeh -i. in dsr Homofogfefi wsftlgstafss a© Pfossnt sind. 

5. Ghimare. ASpha-Amyiase rtach Aospnash 1, Irs <^f die ■ Homok»gi«« w^aigstsos 90 Prozerrt sin;l 

6, ChlfaSre* Afpha-Amylass nach Ampruch 1, in derO'-eirteri N-termstsaten Ten oer ssSgstneinen Fero-vs! lb 

Clb) 

5 XO 15 

4$ &£~&s«~GXy^r*:^ 

sa 40 ^ S SO 

I X « -Tfer «AX a~va 1 -Trp-1 1 e ~&ro~S%o-M«~Tyr ~&ysH5 Xy -X ~&er -fifln* 
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iri cfer 

X; Ais-Aso-tsu (sdsrV&i umfaBt 



20 



HP 0 262 866 81 



Xi: Met odsf Th( 

X< Ssr-Alti-Tyr ©de? Ais-C^o-His ymfaSi- 

X* Ais-GSy-His Oder S^-Asp-ils ymfaBt 

X s thf od«r tsu omfaSi 

Xs Ate octet Ssr ufrvfeSt uixi 

Xj Vsl odsr Asft in 



7. ChimSse Aipha-Arnylass nash Anspfueh ©, in dar 

X; Vai UmMti 
?e Xs Thr umfaSt. 

Xs Ate-GSu-Hfe urrt'&St, 
X* Ssf~As{>i!«> umsaBi 

Xs Sisr umfa&i uod 
;?$ X: Ago umfegt. 

8. Alpha-Amysass osch Anspruch 4, 5. 8 oete? ?. in dor L «Jn«« C-teroYiiiateo Tea der ailgetmeimew Few 

<lc) 



SO §s< 

105 110 US 

;S!! 120 125 130 

ja&~v&tH3iu~Y&x~&^ 

135 140 145 
<nu™Hi&~&?9~lle~&y 

15S 155 160 
aiy~Ser~Thr~Tyr~£&r~Asp~P&e~Lyi^ 

165 110 175 
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S®0 2S5 x%q 

^ „ *** so© gos 

210 ^ S 230 

Asp^al»&ia~M«KSi«~li«^^ a~Asn~ 

230 ass 
2< *° 245 

„, * 255 * m 
Thr~61y-kys~si3™Ket~^ 

270 280 

285 2§o ass 

■S«r-V«i^Ph«-Asp»V«5«Fr©~l«u^His~Tyr~<»I«-Phe~Bis-*Ai*«»Al»~s«r- 

300 305 310 

§2$ 

.V** --V»i ~$er~?#«! «B is - Pro~Us«~Ly &~Ai » *v«l ~thr-Phe»%^l-Asp«Agn^ 

> ■ 335 34 0 

345 350 

365 17 & 

380 33^ 

A«^S&r^ln~A^ 

^20 r42S 430 
*§«*^*$~&X«-A^ 

~, ^.s 4 p 445 
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450 |§S 4^0 

480 483 



9. VMtm ?ur HsrsfcBung tatm chimamn Aipb&«Amylas& welchss omfcStc 

(a) dmi die N-tarmnate Kodsaryngsrpgiof! dos A'pba-Arm/iaso-Caans von 8, arnyloskpsfaciens m der 
Cdomsinata Kod&rungsregion d©s Aipbs-Amytesp-Osas von 8. lichonifoiwW'F'v^&'r^w^nwt 

:?$ wsfd.. um Rekombinanten. zo dik-feti: 

(b) da8 dss Refcombmsntsn, dis sins cMr#© Ajpha-Amytess prody-astm <m Kltesd&bii isiuad eirte 
varbngsita nagalivs Widwng aul d*o Vamondung voo : 6iocoamy{as« aus A; nigat m& PvUluimam 

(c) <sa3 dio setektisdeo Rskombinanten in ®>mw gmigml&n WaehstymsmedHim kyfgviert ysefden 
{d} <sa8 di« chkrsSfo Aipba-An-ySaso &«s der Kaltur gewoongn' Wto& 



10. VorfdhdidKJf Urnwidteg vor Sticks In HIgft-Oextfow-Slfup.; w&lehes?0t«&i8t; 

m m mm m iter imm^-m^myfsse A»fcj$r«eb i , S», 3, 4, 5, « dder 7 zur Rdaldiob 
23: gobrachi vdrd, dm . Oiigosapsband® .zu bikers; und 

(b) dai die id Schdtt (a) gebHdetsrs Oligosascnaricse mil .<&tm (sluooamytesa 2«r" Reafction goferaohi 
vwcten. yen Oextrose zu bikloo. 



11, V&rt^<®H ; wU^SOCKang v©« Starfca in HsglyDoxIroso^kyp. waicd^ ymlMI; 
so ja) ddB dis Stsrko mil dec cnimareo Aspna-Amyiaso von Ansprueh 8 zur Roaktion gsferacht wsrd, urn 

Oligosaccharide zu bifcfcmj pnd 

fb> dsB did »« Sehrijt jfa} gsbii«®t»n Oiigosjccharlde mil atm Oucpsmyiasp mr m$Mm gsbraebt: 
wsrd«so t urn Dexlroso 2« bskten. 



ss fcjpfcwitsnspeiSche KUr foigorsd© Ver*ragssta«rt©n ; AT, £8, 08 



1, Vsdahren 2«r Hersteiiuog oioot chimaren Alpba-Amyissft, welches iimfaSt: 

a) d&8 die M-tarm;rjais Kodiorursgs^gior- dss Alpha-Am yi&sa-<3ors$ von B. amysoiiauolacions mit d&c 
C-temitnisfef) Kodloaingsreqion des Alpha- Amyfese-Gem 6 » \ fci'mi's in v» < hK> nN 
m wlfd. om Rokombingnlert zo bikfen: 

0) da& die Rokombinsp^n, dss sios ebs^fS! Aipba-AmySsss pfod^sore;^ m bltm&sM W u«d eirse 
vemogorte nscistivs Wi'rkung auf dso Vefworsdung vbp Gfocoamylass aus A, nige? und Puiiyisnase 
mt> 8. acidopoiiulyticus zur V@r^ckm<ng von Statko a^gt soioktsort wotden; 

c) di&~dii"iiSk;i5fjin R«5komb>na«san in sinem gssigneten WacbsHjnssmediism k«ltiv5«rt' WfttCkm 

d) d&8 dis cdimsi-e Alpha-Amy i&ss aos m* ¥imw gmmmn wh-d. 



Vodahfiso mt Ufnwssxiiuog vor StSrke in Hlgh-DoKposs-Sswp, w&lqNis omfeSt: 

a) da0 di» SiSfks tna iiteer chimar*i« Alpha-Af^fess z«r ReaMfofi gebracbt wifd> die bfessSabiS 1st 
se und oine vornngotto n®§stive Wtckung &u; m Voosndunci vors Giucosmyl&se aos A. tiigor u«d 

Puriuiaoas* sus 8, acidopullulyticus j«r V^2M^f«ng y^i'.^^.-2e^,.mS dor oiigomoinin'Formei 
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m der Q ®» Nrierroirsaten Taii mst von SS isis SO Apwosaursfssters utrsf&Sf, -.-dm. wsrsigsSens ?S% 
hotrsoiog cte?> 55 N-tsfrninaien Aminos&rerssfers m dsr'A^^-Amytese mss Ssoilius s?T>yfc>iique>fs- 
cisos 1st, wie- In Takkinen at af, J. Biol ^m, 358 (1383); 1007-1013 hescNObSn; 
ITsIne;-! TsM tier aiigsmdnen Forme! fa i 



(la) 



80 



«in-X 10 -AU-n«~Lys 



in de? 

X« His od« f Gin < 
X* QtyttW&fri 

L. esneri Odsrmmato Teii mit vo» 300 &s 400 Amsnosaurairasfe^ umW, d®r wenigstsris. 7$% 
S84 (ATCG 278115 tst um Offpes&cchas^s 2« blidars; tips* 

0} daS dis it> ScMk (a) ■qe&iie&fen Oiigosacefwkte mit.sitw Qtoamyfass sue Beslstion gsisrsc^ 
warder?, om Oextos® «u foilden. 



Xs His umfaSt, 
X s S!y ymfsSt ond. 



X iS Asp ( 



Vferfahren ftsch Anspf«ch 2, daduroh gafcsfs;ize!chr:<3& dss? sr>; stor chimtmn Aipha-Amyiase d!e Homoto- 
gfen: w««)igsi«ns 80% ssnd. 

vatisiiise^ M&;n An struct! Owdutwi siwwssva-swtrso, •-sow & <m u^uiwiwo ntw::«»Mftivte»e H0»ih«g- 



Verfaht©* nach Ansptiich 2, dadurcfo gsksasaeictait daS io dsrc^fnarsr; Aipha-Amylass! Q esrssn M- 
tsrffsifjsfsrf sat: 38f aiigsmssp^ Fp!'ft>©| ; ffo affifas'Jt 
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am 



% ^ksn ~<SXy -Thr » h&u ~B®t H*l s*~1^F"f%&~£l^'*Tr|>"~Ty r-X^ * Pr ©-As 
20 25 30 

w 40 4S 50 



in d%r 

X ;? Msi octe Tfs um£ai3s, 

X 3 Ssr-Ala-Tyr odsf AtsnSfeHis umfeM, 
Ate-Gly-His odsr Ssr-Aspdse urofaSt 

:Xs Thr odsr lsu umlaSt, 

* Ala odor Sm umfaSt und 

x ? va.i Oder Aso umfaSt. 
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& VsdahreP ■oseh Ansprueti '?, ffedyrch 9sksnnseichnei daS Irs der cfcimSren Algha-Amyfase 

X< m umfaSt, 

X? Thr umi&Su 

Xs AMM** utnte®.. 

A Ssr>Asp~il8 umfaSt 

Xs Isms umfefii; 

X;. Ser ym1a$ytKj 

K? Asn umfaift. 



(a) sag. 'die SiSrke ms* oiherehimSfe* AlpM-Amyfass zw mmm g$&r&cn\ wi;d : urn Oligosacchari- 
de 20 fciio'en; und 

fb) tJsS die in Schritt (a) g&Nfcfetem Ougosacsharttte snlt einei Olucosmytese 2«r Rsakfen gebraehS 
warden, urn Dsxsrose km bikiso, wob# jahimMi Ak*s-Amyf88e so ssti wis: in Ansptueh 5, S, 7 
Oder S defso&d. sj^d irs der t n&tm C-t^mifta^ Tei! dor aug&fneioeft Forme!. Jc umiidsi 
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S g r ~B i &~ S« r ~&rg~A©|s~2i«™&£?3*¥«i ~Tyr ~g 1 y ~&&p~V& 1 
10$ «® 115 

12S ISO 
M&™wi~&2«~¥&i«&sp~Pro~Ai&~^ 

, 5 135 340 M:$ 

ISO 155 J«0 

£ly ~&«r"thr~fyr-*S&r -Asp ~?h« ~i.y£~Trp~Ki &~Trp~Ty r ~Bi s ~£ h& -Asp~ 

165 r?o 1?$ 



1*0 IBS ISO 

IS 5 200 2 as 

Asn^%r*A$p~^^ 

210 21$ 220 

&sp~V& 2~&i a - A 1 s ~G1 u~ X 1 e ~ Ly s -Arg-TrpK? 1 y ~Thr ~Trp -Ty r - hi & ~Asn~ 

22§ 230 235 

ss 01u~LeuHSin^t*«~Asp-G2y~Phe~A.rg~l^u~Asp~Aia~VaI~Lys~Hi«*Ile~ 

240 2*5 2S0 

Ly s - Phe ~S er ~Phe ~t^\j ~ Arg ~ As p -Try - V«a 1 ~As.n- His ~Y« 1 » &r g ~i? I u~Lys - 

255 260 265 

Thr ~€ I y~Lys-<31u~Hs t - $>fce ~Thr-Va 2 ~A1 <s HJiu~?yr ~Trp~GX n~Asn- Asp~ 



;>;> 
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S3 



2?§ S8e 

285 2§0 ass 



305 310 

T."r~0ir } ~G:y~{Uy-GIy~Ty^^ 

915 320 J2S 

330 335 
H is «Asxp~Thr~£ ln~Pro-G2 y~Ci n -S«s:~X,ey~<SX «-Ser~Thr~V&X ~GXs> ~Thr- 

345 3S0 3SS 
3SQ 3SS 

375 3g 5 
A£p~Ser~Slft~Arg~snu~m~Pr©-M»~^ 



400 

305 4X0 

425 430 
so &«x -S«r^Vsi-*l& ~ «r ™a I y~ &««~M » ~M « ~l«u ~il «• r ~A&p~<sXy~ 

*35 440 445 

Fro^2y~SIy~Ala-Iy?5~Arg~H8t~Tyr~y«l-<Sly~Ar9-^ln~Asn-Ala~<Sly- 

ss 4 SO 455 4§0 

465 470 475 

Xl®~AsB~Sar~GX»-Sly~T:ti>~<ny~^^^^^ 



4SCS 483 



Bs*smiSea«©RS pour Ses Stats cootractar** sulvants ; BE, GH, GE, FR, GB S fr> Li, ty, HL, SE 

m t. Aipha-amyiase chimera qui est thss-mostafofe -st mantes*©: uo eftel n#ga$ r&&ul sue Mijssalion da ia 
giucoaf«ytes« <te A, nigsf at da ia puiManas© # 8:, acidopuiiuiytieus pour Is ssccharffioatiort de 
i'smSdoOi ayarjt ia formula gsirforsiis I 

(I) 

dans Ssiquelte Q eomprarsd urfo psriia N-tsrmsmia da SS I §G r&sidas: d'afoirjoaadas qui a am 
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hornofegie d'ao mqtos 75 % av©c- ias 8S resides d-armnoseidss ^term'ssia*.^ <te rslpha-amyias© da 
Basils s^vMiqusifectens felte que ciscnts <fens Takkinsn ot colt.. J. Bloi. Oiw>. m (19S3) >007- 

Tom ; 

R compcsnd oris p&ffe <fe ferroufa gsftSf&te fe 

(la) 

»»-Tyr.A*p.Uu-Tyr-JUp-l*uHay^lu-Ph«-X HSln-ty*- 

«y-Thr-v.l-xr,-n,r-I.y.-Tyr-Cly. W ,r-I.y.-X s -« l! .L.- J 

us 



so Kf; eomprend His m 

X s comprend ay ou Sac, 
Xi o eompcacsd Sar ou Asp; $i 

t domprend urn partis EM&cminate d© 398 a 400 rassdus d'^iho&ftfcfe qyi a una homology ci'au 
mains 78- % Svee tes 385 fikadus d'smsKsasidss: C4«;frftirtau:< ds raS^ia-amytesa de B&cSiys .'tteftgni&r* 
35 rote 584 <ATCC 2781 ?}. 

•2i. AfptSHsrny isss chimers setan ia r«vsoc8eat<©n 1 , dans teqtfalte 
Xs cow prone; His, 
X:.- csmpcand (Sly, <sl 
Xi« eompcscsd Sac. 

Xs comprsnd Sio< 
X« comprsnd Ssr, at 
af- Xvs eompswi Asp* 

4, Aipiia-iamyiass s&im&a s&fon Is C8v«ndic&&>« 1. d&ns fasjofclfa fes homeksgjies aoni d v a« mains 80 %. 

5, ASpha>acnylase chimem ssldf? ia cswndicaSofj t, dsss laqusite tes Homologies sont d'su mains SO %. 

•SO 

8, AJpha-swy&sa chimecs ssion is rovsndicato 1, dsns faijO&ita Q earopesfid pns pstrtis N-termjrjstia M 
focmute gsn&rsis lb 



48 (W 

§ is is 

tO £$ 30 35 

50 

40 4S $6 
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Kv cqmprersd M&&m±w pu 

X-> compwl Mat oo Thr, 

X s compel fe>A5s- Tyf m Ato-Sfo-His, 

X s cora&n&nd Thr ou U3if ; 

x, comprfend Ais ou Ser. si 

Xi Somprsnd Vti, 

X ; ; cosnpfsod Thr, 

X s corned Aia-e;u-His, 

:?$ Xs yorriprend Leu, 

•<; comprerxi Sen si 

X? comprend Am. 

& AfpHs-am>'fas« sslofi h rsvwSpatfon "4< 5 ( -8-ou 7; ckins iaquafe L pofriprsrxi una parti© C-terminate cte 

forroufe gsmesisip lc 
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5<; 
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5 m M 



125 3139 
j 1.35 140 14 § 



ISO 155 
165 3.75 



js f*k®H#2n"8X^~Lys~iUa™Trp~&s|^^ 

its 200 205 

a? im 215 sso 

125 230 235 

ss 

240 245 250 

t,ys-p&e™Ser~Ph®~L&u~Ar^ 

25S 260 265 

4;> f^r~{Uy»ty£»<S^ 

270 275 200 



300 305 310 

SO ' 



;>;> 
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SIS $2© 32 § 

4 330 33S 34© 

345 35S 
^rp~l%«r~Ly&~l*r0»x^~&X8 w fyr~^^^ 

360 3S5 370 
€2y~^r*Fr®~§ln~¥sa~Ph&~$yr~c^^ 

375 3§S 3f$ 
, 6 Asp~S®r*»SlR*"Xr§ ~sltt~ll«»| , rO"M*~1^«"Ly&~8is~l*y^«Xl®.*Si\s«Fro'* 



3§S 400 
1 X&~X^» to Ly$»M&~&r§«Ly&~&Xn~3^r~^^ 

» 405 418 4X$ 

Tgx ~Hs«>~,&&p«IS is ~B i&~&sp~ 1 I e~Val »&X>*~Trp~?hr~Arg~S l»~$Xy -Asp- 

4S0 42S 430 

: 2S: 

433 440 44$ 

|*£ X y -OXy » kl a * Ly $ ~ Arf -Me t -Ty r ~Va 1 y ~JU*gH3Xn~Asn«&la~G$y~ 

4 BO 4SS 460 

S!? €X u»f fcr ~Trp-His«*Asp~ X X &~Thr-£l y~ A»n~Ar<g~S ©r X»~!>r s**V& X *¥«X 

46S 470 
IX®~Ass»8«r~Sl»^^ 

sg 480 483 

VaX-Ser-Iie-Tyr-VaX-CIn-Arg . 



*> 8. Pf9c&$ de production d'uf® aipha-auv/fcsu ehtm&re cia«§ ioo-ooi: 

Cs) on ©tisdue ia roeonibsoaison to vivo do; region eadarste Nominate du $m de f'aipha- 
amyisse de 8. amyloi!<?u&&cter}$««s avsc is region eodante C-tsswinste.du gene de fslpha-amytese 
do 8. iichsoiforrols pour former ctes recooibioos; 

{g) on »< «»* - Sos , s i nw qsi produfsooi »ne aipho-afoyiaso cbiroofo qui osi tho»TK>stat# st 
4§ manifesto un €?M negaiit mim sur i'uBSsafcon do ia §iu:x;arny1aso cfA. nigar ei da ia pefiuianase 

da B, acidopoSiusyticua pour ia sscch3hf«5slio« do i'&aVsdon; 

{eJ'^'cFivslsslwombinss soteciionnos ds??s urs tr>\\\m ste croisssnos appropoe, of 
id; or? foeupsm ralp^-a-amyiaso, shiner© S psdu do Is culture. 

se 10. Procede da ceoverssoo d'amidoo en strop a haute teneuf en dexStoss, dans ioquei: 

(a) on fait magi? dss ramldon svsc- rsipna-diTsySsss ehlfuofo do Is re^eodioation 5, 2; 3, 4, g> § ou 7 
pour former diss oiigooaccharides: w 

'{b} on iait rSagsr fes oHgosaeco&fid&s fcsro^s dsns f'sStapu (a) antic urn giocoarnylase pour fofroot d« 
dextrose. 

ss 

11. Pfooede eJ© cerivorsioo d'Sfftfdon en slrop ^ haute teoeuf so dexifostj, soion ioqusi: 

{3} on fail r4sgir do i*sroido» aveo "aipha-droyiaso chstrserp du !& fovsridscaitoo 8 pour 'totnm des 
oSsgogaccharidas; et 
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?5 



(b) on fad raagir ias oit§osaeedaddas formes dans r#tape avse one -giuGoamyJsse pour fo>msf du 
dosdroso. 

RevsmSksstlons poor tes Etats csMfac^an^ soiveots ; AT, ES, <3R 

1< Procado pout is production d^me afpha-srdy&sa <Mif^\wmi&m&t.' 

(a) ia ox:ombindsoa in vivo ete ia region codante ^terrnsoaie do ghns da Paiphs-amyiaso da B. 
arnyioisquoiaeians avoc S3 rhgson cod&oie C-termio&te do g&ne do i'siprta-arrtyiase. do 8, HcheO(f6Y» 
mis pour brrboc des roeom&irses ; : 

(b) fa soiodion dss rocornpines qui produisoot una aipfm-arnyiase ddmaro qui est tiwrnostaeia m 
manifest; un edet nagaaf reded mr i\aiiisatiOo dei \a giocoaroylase d'A nigs? ei: da 8a puduianase da 
B. ackiopuiiuiytious pour ia saeohaniisaiion da Pamsdoo : 

(c) 'li"VnVs8itV"culu^ das reaomfcinas seiedloones dans m msitcse d<s atfissanea appropris, el 

(d) Sa racupa ration do i'aiprva-amytsss opinions do ia culture. 

2, Precede pour la cQM&mon d'amidoo en sirop h foria teneur er* dextrose. cofrsprensnl ; 

(a) ia miss m readier* da i'arrsidon avee am aSpda-srnylase chsraere qui est Ihisrmosta&te ei 
madsfe-sis un add nsgatif raddt sar i'ytiiisation -de sa giucoarayia$© d' 4 nlger ©t da ia puiiulanasa da 
B. acidopyiiuiytieus ayad ia fprrayie generate 1 

art 

CX) 

dads iasju^te- 

Q comprised une partis Ndarminaia do 55 a 60 residua d'amdoaeides qui a una horooiogle d'au 
moiris; 715 %i avae ies 55 residue d^roinoaddae Ndarrftdaux do i'aipria--aroySssa d©: Bacillus 
arnydiiqudadens teite qsxs d^edte dans t^ma M ad J. Bki Sham. £58 (1983): 10p7-l0iri 
as W'^mpi&iW'um partte de formate §&s#rate.& 

It #o 70 



$8 

■is dans iaquelis 

Xs compmad His ou 6!n, 
X? nospread 6iy ©y Set, 
X-io compterd 8or on Asp ; ot 
L cornpraed o«e par-is C-Serndnsfe do 380 s dSO resides d'arodoaddes qui a one homofegie 
m d'au moins 75 % avoc ios 395 rasidus d'smfrsaaeiidss O-tormir-ao}! do Psipda-arnyiase da Baciiius 

iioi^oniforrnis 584 (ATOG 2761 1), pour foowr o%asacodadd»s ; at 

(b|""ao "Vnet "en rsactfon l@s oligosaccharides formes daos Tetapo is) avae upo giueoaotyiaso pour 
■"Of mar do dextrose, 

55 3< Fs'ooada soion ia ravaridication 2, dano ioqosi dans ?sipt38*aroyrase chinisra, 
Xs cPrrsprafid His, 
Xs cornprand QSy, at 
Xt& cornprand Sar. 

3J? 
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4. Procedo solo* Sa tsvsodfcaSsof- 2, dans feQysi dsns i'a!pte-am>'!ass eliimem 

X s oomprerid Set; si: 
X<<? 



S< Ptoc$c® mion la rwsfcHfcslJda 2> dsns «^uet -dans i i aiphs«smylase chimera ies homoiogiw sont d : a« 
80 %. 
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6, Pfoesds seiors ia revsodieaSiort 2, dsns deouordarss f'aioha-amySass chimes'S, fes homologies m& '<Tau 
K; rsoioe SO %. 

7 ProceO^ sekm is mvondtcaSiOH 2, dans Seqedi da«s feiphs-ssmdaxe cprooto, Cr composed um partis N- 
■ terminate de R>fmute gdo&Yalo !b 

4$ 4$ 50 

: * m ' ° 

so darts Saqueiis. 

X; .-cofnprend Ate-Asfs-leu <au yak 

X* campmod S«?vAla-Tyr o» AJa-Giu-Hfc, 

X. .compmnd Ais-Siy-Hfe o« Sor-Asp-iSe. 

ss X; comprend Thr ou Lew, 

X s eompr&f^Aiaow-^.?*-: 

X? com&fsnd Vai m -fmt. 



S, Precede salon i& revindication 7, dans ieques, dans 
X: edmpremd Vjji, 
Xs compmod Thr, 
X;.< compswd Aa-Si=j-H'!S, 
X* comprersd Ser-Asp-He, 

X; CO!Ttp--5fid Ui:;, 

m i.:ompr«s : o bsr, St 

X? COmO'fOfsd ASff, 

8. Pfoakie pour is conversion d'amldoe en stop & forte teneyr en dextrose, eornprsnant : 

{a} is miss sf; foaotion da rsmidoo avee una alpha-smyiasa chimera poaf former dss aiigpsaoerfan- 

dOS : 01 

(b) la miss an risottoa dss oilgosaceesddes formes a i'etep© (a) svae erss giucosmylass pour 
forme? do dextrose; r^wt-8myfes«i-'.#Nn^ -tanlipftet .qUe-'tJ&foSS dans fes revindications 5. 6. 7 
ou 8 e! dans laqeeil© L contend one padse &$erm«d$e de fomsufe Q&nsV&te lo 
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iic) 



, »9 1M a JO 

* 1 § » v & ^ * 0 1 u * v& 1 $r $*A 1 a * - Ar§ ~ As ?>~A rf * I U # ~ g $ r 1 y * 



?5 



««~H*ii^Arf*£^^^ 

3^§0 

165' its |?5 

j*9 1§0 



Asn^Ty^ 

2iO J15 «0 

Asp-val»Al s*Al i-eii»-ii « »&ys -Arg-Trp-Cly ■•Tfci—Trp-Tyr »A1 & ~Asn» 

230 g3S 

2.4-3 245 ggO 

l*ys~JPh«-S«r»rn«-U«-Arf~Asp~Trj»»Vaa*Asn~.Hi*».V»l-Arf~CXtt'»^ys* 

2§5 260 sss 

* Thr-«iy~ty$*«l««H«t*?h»-Th?*V»l*Al»»Sl^*?yj'»Trp~Cln-A»n~As|>~ 

2?0 2 SO 

^~Sly~Als«L^ 

B «r~Va I .« T s h« « Asp- -V* 1 * Pr -Mi s»%r~CUn*M$ ~8 4 & - Al & ~ Al *~$er* 



;>;> 
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3 SO 58$ 310 

T hi. -Sift *$i y ~c 1 y~c l y -Ty r *Asp~Hs* »^r«? *iys r t*u~i«'J ~ & s n » r *Th r 

lis $20 ssi 

3$0 33$ 340 



?5 



;;;; 



34$ 310 
Sly # -fr o*.6 J n*V« 1 <*t*h8! ~*Ty t -Asp i~Ty r »8 £ y » 



379 3S0 30 5 



3§§ 3§S 400 



405 4^0 

420 425 

Of *4 S 

450 4S5 



43.5 
430 
44 § 

•Asn~&2 s~C|y- 
*SIy~siy~s«r~ 



Valuer 



4 SO 



4S3 



55 
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01186*1 
Fig, 1 
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